Genetic development of improved genotypes with good floral charactaristics is the an important approach in the production of hybrid rice seed. Ten rice parental lines where four of them have cytoplasmic male sterility while the other six use restorer. These ling were crossed to obtain 24 hybrid combinations, through a factorial mating design. The parental lines and their 24 F 1 hybrids were grown in randomized complete blocks design with three replications at Rice Research and Training Center Farm, Sakha Kafr El-Sheikh, Egypt during the two seasons of 2011 and 2012. Data were recorded on six floral traits viz., anther length, anther breadth, number of pollen grains anther -1 , stigma length, stigma breadth and glume opening angle. The analysis of variance of all genotypes revealed highly significant mean squares for all studied traits, suggesting the presence of genetic differences among the genotypes used in this study. The magnitude of genetic parameters indicated that the additive variance (σ 2 A) for anther length, number of pollen grains anther -1 , glume opening angle traits were higher than the corresponding nonadditive variance including dominant (σ 2 D). These results indicated that these traits were largely governed by additive gene action. Thus, the estimated values of heritability in broad sense were higher than heritability in narrow sense for all the studied floral traits. A major part of the total phenotypic variance was due to non-additive including dominance genetic variances for all floral traits. The maternal effects were affective in stigma breadth (37.25%) and glume opening angle (70.15%). The contribution of maternal and paternal interactions (Line x Tester) were found to be vital for anther breadth (57.86%) and stigma breadth (37.43%). The ten parental lines were distinctly classified into two major clusters (below 1200 Euclidean distance) according to the similarity diagram.
INTRODUCTION
Rice (Oryza sativa L.) is the major food for more than half of the world's population. In Egypt, rice is one of the major cereal crop, with annual cultivated area of about 600.000 hectares, with the production of about 6 million tons of paddy rice. The average yields 9.88 t/ha., which is considered among the highest average yield per hectare in the world (RRTC, 2012) . Hybrid rice offers an opportunity to increase the yield potentiality. It has a yield advantage of 15 to 20% over conventional high yielding variety. In self-pollinated crops like rice, hybrid seed production is difficult, as the floral traits are unfavorable for outcrossing (Raghavendra and Hittalmani, 2015) . Use of male sterility system has immensely helped in hybrid breeding. Though the three line system involving cytoplasmic male sterility-fertility restoration system is effective for the development of commercial rice hybrids. This system is cumbersome and tedious as it involves three lines (A, B and R) and has negative effects on cytoplasm. The breeding of yield rice and quantitatively better rice varieties is not possible without prior knowledge of their genetic properties. Therefore, the breeders use suitable quantitatively genetic method to combine the desired properties of different varieties. The magnitudes of genetic parameters also is useful to breeders for genetic improvement of the existing genotypes on the basis of their performances in different hybrid combinations (Rahaman, 2016) . One of the major problems of low seed set in hybrid seed production plot is "very low out crossing" of CMS lines in rice. A cyto-sterile line with high out crossing potential will certainly economize the cost of hybrid seed production. The most important floral traits influencing out crossing is male sterility in rice. Male fertile plant shows very little, if any out crossing due to self-pollinating nature of rice flower. Floral morphology and flowering behaviour of CMS lines is important (Ali et al., 2013; Ghadi et al., 2013) . However, in male sterile plants, extent of out crossing is further influenced by its floral traits such as anther length, anther width, number of pollen grains anther -1 , stigma length, stigma breadth and glume opening angle as reported by (Mahalingam et al., 2013) . Hence, assessing and understanding the genetic variability and the inheritance pattern of floral traits is essential for proper choice of CMS lines (Sheeba et al., 2006) .This study aimed to investigate the nature of inheritance of some floral traits during outcrossing four cytoplasmic male sterile lines and by restorer lines.
MATERIALS AND METHODS
This study was carried out at the experimental farm of Rice Research and Training Center (RRTC ,)Sakha , Kafer El-Sheikh, Egypt, during the two successive growing seasons of 201 1 and 201 2 . The genetic materials used in this investigation involved ten genotypes. A line x Tester mating design was used, where four cytoplasmic male sterile lines ;i .e ,.IR69625A, IR58025A, Pusa6A and G46A were used as " Female Lines" and the six restorer lines ;i.e ,.Giza178R, Giza182R, GZ5121, GZ6296, PR2 and PR78 ,were used as " Male Testers ."Thus, the obtained 24 F 1 hybrids along with their ten parents were evaluated in a randomized complete blocks design (RCBD) with three replications during 201 2 rice growing season .Seedlings were transplanted into 20 x 20 cm spacing. All agronomic practices were done as recommended for rice plantation .
15 plants from each replication were randomly selected to measure the following traits :anther length ( mm ,)anther breadth (mm ,)number of pollen grains anther -1 , stigma length ( mm ,)stigma breadth ( mm )and glume opening angle ( o .)Data were subjected to statistical analysis using Line x Tester analysis and genetic components of each parameter as outline by ( Kemptherne , 1957 .) Cluster analysis among the ten studied rice parental lines were computed using NTSYSpc version 2.1 statistical package. 
RESULTS AND DISCUSSION
Analysis of variance of floral traits viz., for anther length , anther breadth, number of pollen grains anther -1 , stigma length, stigma breadth and glume opening angle the data presented in Table 2 revealed the presence of highly significant differences among genotypes, parents, parents vs crosses, crosses, lines, testers and line x tester interactions most floral traits. The significant differences among the genotypes, parents, parent's vs crosses, crosses, lines, testers and line x tester interactions indicated that the genotypes had wide genetic diversity among themselves. The significance of the means of sum of squares due to lines and testers indicated a prevalence of additive variance. However, means of sum of squares due to line x tester were also significant for anther length, anther breadth, number of pollen grains anther -1 , indicating the importance of both additive and non-additive variance. The mean square of SCA was higher than those of the GCA variances for these traits, indicated the nonadditive gene action is playing its role in the inheritance of these traits. Nadali Nadali BabaeianJelodar (2011), and Elbadawy (2009) reported the predominance of dominant and additive gene action variances. The ratio of GCA to SCA was less than unity for the three male parent's floral traits. It suggested greater importance of non-additive gene action in its expression and indicated very good prospect in the exploitation of hybrid breeding. On the other side, the female parent's floral traits viz., stigma length, stigma breadth and glume opening angle which appears in Table 2 . revealed the presence of highly significant differences among the genotypes, parents, parents vs crosses, crosses, lines, testers and line x tester interactions indicating the presence of differences among genotypes and a wide genetic variation Mahalingam et al. (2013) . The mean sum of squares due to parents versus crosses was insignificant for stigma breadth trait. However, means of sum of squares due to line x tester were also highly significant for stigma length, breadth and glume opening angle, indicating the importance of both additive and non-additive variance. So, the breeding method will be selection in early generations. Data showed that the values of SCA were greater than GCA variances for these traits, indicated the importance of non-additive gene action in the inheritance of these traits. In the same trend the ratio of GCA to SCA was less than unity indicating the dominance gene action had a major role in inheritance of this traits, here the suitable breeding method is hybridization. Elbadawy (2009). The mean of squares due to parents versus crosses were insignificant for the three female parents for floral traits. However, the mean squares due to line x tester were significant for stigma length and breadth, indicating the importance of both additive and non-additive genetic variance. Thus, selection in the early generations would be effective. The values of SCA were greater than GCA variances for these traits, which indicated the importance of non-additive gene action in the inheritance of these traits. In the same trend, the ratio of GCA to SCA was less than unity indicating that dominance gene action would have a major role in the inheritance of these traits, here the suitable breeding method would bethe hybridization. The predominance of dominant and additive gene action variances was reported by El-badawy (2009) and Mahalingam et al., (2013) . Mean performance: Regarding the anther length, in table 3 out of the 24 crosses, only the mean values of eight crosses were more the longest anther of their corresponding parents. Among the crosses five showed intermediate mean values between their parents, indicating partial or no dominance effects. The mean values of anther length of the parents ranged from 1.80 to 1.95 mm for the CMS lines G46A and IR58025A, respectively. While it ranged for the restorer lines of Giza178R and PR78 from 1.49 to 2.82 mm, respectively. The aromatic restorer lines PR2 and PR78 besides the four crosses, IR69625A x PR2, IR58025A x PR2, Pusa6A x PR2 and G46A x PR2 gave the highest mean values of 2.747 and 2.818 mm for parents and 2.42, 2.47, 2.44 and 2.45 mm, respectively. For anther width, the F 1 means of some crosses tended towards the widest anther width parent. However, the F 1 means of the other crosses were intermediate between their two parents while the rest of crosses (six crosses) exhibited dominance effect towards the lower anther width parent. The results showed that, the two restorer parents PR2 and PR78 gave the highest mean values (more than 0.5 mm). Among the crosses, the hybrid combinations, Pusa6 A x GZ6296 and Pusa6 A x PR2 gave the highest mean values of anther width being 0.449 and 0.450 mm, respectively. The mean performance of four male sterile lines viz., IR69625 A, IR58025 A, Pusa 6A and G46 A for six floral traits revealed that certain genotypes exhibited superiority over others as seen in Table 3 . In evaluating the suitability of Cytoplasmic Male Sterile (CMS) lines to local conditions, high out crossing rate is one of the most important character required for getting good seed yield in hybrid seed production plot. The line G46A showed higher mean values for stigma length of 1.458mm and breadth of 0.67 mm. The other genotypes of IR69625 A, IR58025 A, Pusa 6A had values for stigma length ranged from 1.04 to 1.29 mm. While, for stigma breadth, the values ranged from 0.32 to 0.44 mm compared with the CMS line G46 A. All the CMS lines had above 99.50% pollen sterility. Similar findings were observed by Behla et al., (2007) , Ansari et al., (2010) . Mahalingam et al., (2013) and Hasan et al., (2014) . Number of pollen grains anther -1 is a desirable trait for pollination as it enhances the chance of anther shedding. It significantly varied among the tested CMS lines from 1130.1 to 1192.2 per anther but they were completely sterile. While in restorer lines number of pollen grains anther -1 ranged from 731.08 for Giza 178R to 2426.7 for PR78 depending on anther size and length. Indicating that fertility restoration in these pollinators i. e. Giza178R, Giza182R, GZ5121-5-2R, GZ6296-12-1-2-1-1, PR2 and PR78 was under dominant gene. The cytoplasmic genetic sterility system of IR69625A, IR58025A, Pusa 6 A and G46A were sporophytic in nature. In general, the results are in agreement with those reported by Majumder et al., (2014) . In this study six restorer lines i. e. Giza 178R, Giza 182R, GZ 5121-5-2R, GZ 6296-12-1-2-1-1, PR2 and PR78 were evaluated for stigma length, stigma breadth and glume opening angle as presented in Table 3 . Stigma length and stigma breadth showed significant variation, where the highest stigma length was 1.183 mm in pollen parent PR78 and PR2 1.167 mm. Stigma breadth was nearest between all restorers. In general, the restorer lines were found to have smaller stigmas than the CMS lines. Behla et al., (2007) observed variation for stigma length which ranged from 1.13 to 2.09 mm, whereas glume opening angle was ranging from 23. In the present study maximum angle was observed in Giza178R which was at par with PR2 and GZ5121, and minimum in case of PR78.
These results agreed with those obtained by Umadevi et al., (2010) . Mean performance of line x tester combinations for stigma length, stigma breadth and glume opening angle are shown in Table 3 .
The mean values of the 24 F 1 crosses, were intermediate with respect to their parents. However, the F 1 mean values of the different crosses for stigma length varied from 0.86 to 1.208mm in the two hybrid combinations IR69625A x Giza178R and IR58025A x PR2, respectively. While, stigma breadth ranged from 0.35mm for IR58025A x PR78 to 0.48mm for IR69625A x Giza182R. Whereas glume opening angle varied from 22.67 o for Pusa 6A x PR2 to 30.17 o for G 46A x Giza 178R. In general, these findings suggested the presence of either partial or no dominance effects. With respect to angle of floret opening, complete or over dominance effects was observed in most of the crosses for largest angle of floret opening. As revealed in Table 3 , some crosses showed intermediate mean values between the parents of each cross for this trait indicating partial or no dominance effects. These findings are in close agreement with those obtained by El Badawy (2009) and Mahalingam et al., (2013) .
Genetic components for floral traits:
The estimates of genetic parameters for studied floral traits are shown in Fig.  1 . The results indicated that the value of non-additive variance (σ 2 D) for anther breadth, stigma length, stigma breadth and glume opening angle traits were higher than those for additive variance (σ 2 A). These results indicated that these traits were largely governed by dominance gene action. On the other hand, results indicated that the additive variance (σ 2 A) of anther length and number of pollen grains anther-1, traits were higher than those non-additive variance (σ 2 D). These results indicated that these traits were largely governed by additive gene action and would be improved through select in early generations. Similar results were obtained by Abd Allah (2008) and El Badawy (2009) .
Concerning heritability, the results cleared that the estimated values of heritability in broad sense were high for all studied floral traits as shown in Figure 2 , indicating that these traits were under genetic control and the environmental effect was insignificant. On the other hand, heritability values in narrow sense were relatively low for these traits except anther length and number of pollen grains per anther. The results also illustrated that a major part of the total phenotypic variance was due to nonadditive and additive genetic for all floral traits. Accordingly, it was expected to obtain an effective heterosis yielding high hybrids for these traits. Similar results were obtained by Abd Allah (2008) The proportional of contribution for lines, testers and their interaction to the total variance are presented in Figure 3 . It is clear that, the testers played an important role in the genetic control of anther length, number of pollen grains/anther and stigma length traits due to the predominant of paternal influence for inheritance of these traits.
On the contrary, maternal lines effects contributed about 67.90% for glume opening angle. The stigma breadth was also highly affected by maternal effect which would be used as a donor for improving the process of hybrid rice breeding program by increasing the outcrossing. The contribution of maternal and paternal interactions (line x tester) were found vital for anther breadth (56.80%) and stigma breadth (53.05%). These results indicated that there were wide variation between the parental lines for these traits and could be used as genetic materials to develop new hybrid combinations in hybrid breeding program.Similar results were obtained by Abd Allah (2008) Cluster analysis used six floral traits which were namely; anther length, anther breadth, number of pollen grains anther -1 , stigma length, stigma breadth and glume opening angle. All traits, were checked for normality where they had good approximations of normal distributions. The generated cluster divided the ten rice genotypes into two main groups based on some floral traits. The first group included PR2 and PR78, which gave the best results for all floral studied traits. The second group was divided into two sub groups based on all floral traits except glume opening angle. The first sub group, which was higher in these floral traits, included seven rice parental varieties IR69625A, IR58025A, Pusa6A, G46A, Giza182R, GZ5121 and GZ6296. The CMS line G46A and promising line GZ5121 of branch one were similar in all floral traits except stigma breadth. The three rice varieties IR69625A, Pusa6A and GZ6296 of branch one were similar in all floral traits except stigma length and glume opening angle. Giza182R as restorer variety was separated alone into on branch because it has larger anther length and no. of pollen grains anther-1. The CMS line IR58025A was separated from the seven rice varieties in one branch based on no. of pollen grains anther-1. The second sub group included Giza 178R based on the lower in most of floral studied traits. These results are in agreement with similar results obtained by Anis (2009) and Abd El-Hadi et al., (2013) .
